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(54) CnOCOB H3rOTOBJlEHHfl PACXOflYEMOrO 3J1EKTPOAA M3 KYCKOBblX METAJ1J1MHECKHX OTXOAOB 



(57) PecfcepaT: 

H3o6peTeHne othocmtch k MeTannyprnn, a 
HMeHHO k BaKyyMHOfl AyroBofl nnaBKe 
TyrormaBKMX MeTannoB, n Mo*eT 6biTb 
npuMeHeHo npn M3roTOBJieHnn pacxoAyeMbix 

3JieKTpOA0B B npOM3BOACTBe OTJ1MBOK U3 

TUTaHOBbix cnnaBOB c ncnonbaoBaHneM 
nuTe^Hbix otxoaob. Cnoco6 M3roTOB/ieHHH 
pacxoAyeMoro sneicrpoAa H3 KycKOBbix otxoaob 
TUTaHOBbix cnnaBOB coctoht B TOM, MTO 
KycraBbie oTxoAbi pa3MemaMDT b npwieraiomeM 

K BHyTpeHHefl nOBepXHOCTM <J)OpMbl nHCTOBOM 

oia6noHe c Topi^eBbiMM nnocKMMn TeMnneTaMH, 

BbinOJlHeHHOM H3 OAHOpOAHOrO C UJMXTOfi 

MaTepnana. CBapicy ocymecTB/iaioT 
nponycKaHneM snexTptmecKoro TOKa, 
noABOAMMoro k TeMnneTaM, nepe3 secb cnofi 
KycraBoro MaTepnana ao crwaBneHkm era b 
MecTax KOHTaicra c OAHoapeMeHHbiM 
npnno)KeHneM oceBoro ycunun CBepxy Ann 
nepeMemeHUfl KycraBbix otxoaob bhu3 no 
BbicoTe iua6noHa no Mepe mx onxiaaneHnsi. flnn 
HaAeacHoro csapuBaHMfl KycKOBbix otxoaob 
pacnnaanflioT He MeHee 10-15% ot hx o6metf 
Maccbi. Cnocoo" no3BonaeT paciuupviTb 
Anana30H pa3MepoB KycKOBbix otxoaob, 
ncnorib3yeMbix npn nsroTOBneHnn pacxoAyeMbix 
oneiapoAOB. npeAnaraeMoe TexHHMecrae 
petueHMe no3BonaeT ynpocTMTb m ycKopnTb 



nponecc n3roTOBneHkin pacxoAyeMbix 
aneiapoAOB, 2 3. n.0-nbi, 1 nn. 
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(54) METHOD FOR MANUFACTURE OF CONSUMABLE ELECTRODES FROM LUMPY METAL WASTES 

(57) Abstract: 

FIELD: metallurgy, more specifically, 
vacuum arc melting of refractory metals; may 
be used in manufacture of consumable 
electrodes in production of castings from 
titanium alloys with utilization of foundry 
wastes. SUBSTANCE: method consists in that 
lumpy wastes are placed in sheet gage 
adjacent to internal surface of mold. Sheet 
gage has end flat templets made from 
material homogeneous with that of charge 
material. Welding is carried out by passing 
electric current applied to templets through 
the entire layer of lumpy material up to its 
fusion in points of contact with concurrent 
application of axial force from top for 
moving lumpy wastes down over gage height as 
soon as they melt. For reliable welding of 
lumpy wastes, they are melted in the amount 
of not less than 10-15% of their total 
weight, EFFECT: extended range of sizes of 
lumpy materials used in manufacture of 
consumable electrodes, simplified and 
accelerated process of their production. 3 
cl, 1 dwg 
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H3o6peTeHne othocmtca k MeTannyprMM u 
MOKeT 6biTb ncnojib3oaaHO npw MaroToaneHMM 
pacxoAyeMbJx sneicrpoAOB b n po n 3 bo act Be 
othhbok. HanpuMep, M3 THTaHOBbix cnnaBOB c 
Mcnorib30BaHneM nuTeMHbix otxoaob. 

H3BecreH cnocoo" M3roTOBneHMfl 
pacxoflyeMbix snexTpoAOB M3 wMXTOBbix 
otxoaob, KOTopwe npeABapMTenbHo 
OTCopTupoBWBafOT no pa3MepaM m xuMMMecxoMy 
cocTaBy, 3aKnaAbiBaioT b cnei^najibHbie o>opMbi 
m sannsaioT neperpeTbiM pacnnaBOM Toro )Ke 
xnivivmecKoro cocTaBa. (Ipn 3tom ujuxTOBbie 

OTXOAbl BBOA«T B KO/lMHeCTBe 5-55% OT Maccw 

3/ieicrpoAa [1]. 

K HeAOCTaTKaM n3BecTHoro cnocooa cneAyeT 
OTHecTM orpaHUMeHHoe ncnonb30BaHne 
KycKOBbix otxoaob, 3HamiTeribHbi* pacxoA 
nepBMMHoro MeTanna, AnnTe/ibHocTb, 
t py Aoe m KOCTb m aneproeMKOCTb npoi^ecca n 
aarpyxeHHocrb ocHOBHoro 
nnaBnxibHO-3smnBOMHoro oobpyAOBaHMfl a/ih 
n pon3 BOACTBa oneKTDOAOB. 

H3BecTeH Taxxe cnoco6 M3roTOBneHMH 
pacxoAyeMoro snexTDOAa c Mcnonb30saHMeM 

JlMTeMHblX OTXOAOB AO 70% H3 

BwcoKopeaKUMOHHbix MeTannoB m cnnaBOB, 
HanpuMep, TMTaHa, Tarn-ana n Apyrvix. 
McxoAHbie OTXOAbl paBHOwiepHO 3arpy>xaK)T no 
nepnct>epnn iua6noHa, ycTaHoaneHHoro b 
nonocTn KpncTannn3aTopa nenn, a 3aTeM nocne 
yAaneHua waonoHa v\ BBeASHHfl b 
o6pa30BaBiuyK)CJi nonocTb npeccoBaHHoro 
pacxoAyeMoro aneKTpoAa, sannaBnaioT OTXOAW 
(cm. aBT. cbma. N 191012 KTi. H 05 B, 1964). 

Ochobhom HeAocTaTox npn M3roTOBneHMM 
Tararo ajieicrpoAa coctomt b Heo6xoAMMOCTM 
ncnorib30BaTb cnei^anbHoe cno>KHoe h 
AoporocTOflinee o6opyAOBaHne Ann 
M3roTOBneHMfl AonoriHMTenbHoro npeccoBaHHoro 
aneicrpoAa. 

Han6onee 6nn3KMM no TexHMHecxoM" 
cyi^HOCTM k 33RBneHHOMy cnococy aanfleTCH 
cnoco6 n3roTOBneHM5i pacxoAyeMoro anexTpoAa 

H3 KyCKOBblX OTXOAOB THT3HOBblX cnnaBOB 

nuTe^Horo npon3BOACTBa, BKnioHaioinMM coopKy 
nx b naKeT cooTBefcTByioinfix paaMepoB. Kycxvi 
csapnBaK)T oamh c ApyHM npepbiBMCTbiM UJBOM 
[2]. H3BecTHbifi cnoco6 no3BonqeT Hcnonb30BaTb 
Tonbxo KpynHOKycKOBbie otxoau. 

HeAOCTaTxaMn cnoco6a flanflWTCfl 6onbwafl 
TpyAoe m KOCTb npoijecca, CBflaaHHaa c 
TmaTenbHofi yxnaAKofi oTAeribHbix KycKoa 
ujMXTbi m pyHHofl CBapxoM" nx APyr c APyroM, 

H6B03MO>KHOCTb MCnonb30BaHMfl OTHOCHTe/lbHO 
Me/IKO^ WMXTU. 

3aAana M3ocpeTeHMH coctomt b ynpomeHMM 
m ycKopeHMM npoijecca, paciunpeHMM Anana30Ha 
pa3MepoB KycKOBbix otxoaob npn coxpaHeHMn 

yAOBJieTBOpMTeribHblX npOMHOCTHblX 

xapaKTepHCTwc M3roTaBnMBaeMoro sneiorpoAa, b 

BO3M0XH0CTM MCnonb30BaHMfl 100% OTXOAOB 

npn M3roTOBneHMM anexTpoAOB. 

PetueHne 3aAaMM coctomt b tom, hto b 
cnocooe M3roTOB/ieHHfl pacxoAyeMoro 
3/ieKTpoAa M3 KycKOBbix m eTaxin mh ecKMx 
otxoaob, BKnfOHatou^eM yxnaAxy KycKOBbix 
MeTanriMHecKMx otxoaob b cooTBeTCTByioinyio 
KOH4)nrypauMM aneKTpoAa (fropMy m mx csapKy, 
comacHO MaoopeTeHMio xycxoBbje 

MeTa/uiMMBCKMe OTXOAW paaiweinaioT a 
npM/ieraioineM k BHyTpeHHeW nosepxHoc™ 

(|)OpMbl M BbinQ/1H6HH0M M3 OAHOpOAHOrO C HMMM 

MaTepuiana nwcTOBOM uja6noHe c Topi^eBbiMM w 
nnocKMMM TeMn/ieTaMM. BbinoriHeHHbiMM no 
BHyTpeHHeiwy nonepeMHOMy KOHTypy tua6noHa m 
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HaxoAflU4HMucfl a HenocpeACTBeHHOM KOHTaiae c 

KyCKOBbJMM MeTaJtflkNeCKMMH OTXOAaMM, a 

csapKy ocymecTBTifljoT nocpeACTBOM 
oneiapuMecKoro Toxa, kotopwm noABOA^T k 
TeMnneTaM m nponycxaioT Mepe3 Becb cnofl 
KyCKOBblX MeTaruiMMecxvix OTXOAOB AO MX 
cnnaB/ieHMH xycKoa b wiecTax KOHTaicra npM otom 
OAHOBpeMeHHO cBepxy npMxnaAbiBaioT oceBoe 
ycM/iMe An« nepeMeujeHMfl KycxoB 
MeTaxinMMecKMX otxoaob bhm3 no BbicoTe 
iua6noHa no wepe mx onnaaneHMR Anfl 
HaAeKHoro cBapMBaHMA KycKOBbix otxoaob 
pacnnaBriflioT He MeHee 10-15% ot mx o6i4e^ 

MaCCbl. flpM 3TOM TIMCTOBO^ UJa6flOH MCKniOMaeT 

npuBapHBaHwe xycxoB ujhxtw k creHxaM 4)opMbi t 
npMAaeT MaroToaneHHOMy sneKTpoAy 
AononHMTeribHyio npoMHOCTb m TOBapHbi^ 
BH6UJHMH bma m o6nenHaeT M3B/ieHeHne roTOBoro 
snexTpoAa M3 cfjopMbi. 

B KaMecTBe otxoaob MoryT Mcno/ib30BaTb 

KyCKOBbie OTXOAbl TMTaHOBblX cnnaBOB. 

H3o6peTeHMe o6naAaeT hobm3ho^, mto 
cneAyeT M3 cpaBHeHMfl c aHanoraMM, 

M306peTaTe/1bCKMM ypoBHeM, T. K. «BHO H6 

cneAyeT M3 cyiMecTBytomero ypoBHfl tcxhmkm m 
He BbJ3biBaeT TexHMMecxMx 3aTpyAHeHMft npM 
peariM3ai4MM b npoMbiuineHHocTM. 

Ha nepTe^xe M3o6pa>KeHO ycTpoi^CTBO Anfl 
ocyujecTBneHMfl cnocoGa. 

npM M3roTOBneHMM pacxoAyeMoro onexTpofla 
KycxoBbie OTXOAbl 1 TMTaHOBbix cnnaBOB nnoTHO 
yicnaAbiBaioT no BwcoTe riMCTOBoro uja6noHa 2, 
KOTopu^ pasMeu^aioT no BHyTpeHHeM 
noBepxHOCTM BOAOoxnsDKAaeMOi^ o>opMbi 3, 
ycTaHOB/ieHHofi Ha ochob3hmm 4. flna 
M3roToaneHMfl pacxoAyeMoro snexrpoAa mop/t 
Mcnonb30saTbCfl xpynHbie (ctoakm), cpeAHMe 
(npM6bineC^ m nMTaTeriM oTnMBOK) m MeriKMe 
xycKOBbie OTXOAbl (cTpyxxa, xycxM MeTanna b 
BMAe KOpoxibKOB, m T.n.), o6pa3yioi^Mecfl npM 

npOM3BOACTBe 0>aCOHHOrO JlMTb« TMTaHOBblX 

cnnaBOB. OTXOAbl npeABapMTenbHO copTMpyioT 
no pasMepy m noABepraioT MexaHMHecxo^ m 
XMMMMecxo^ oHMCTxe ot pa3JiMMHbix npMMecefi. 
flaHHbi^ cnoco6 M3roTOBneHMfl pacxoAyeMoro 

3/ieKTpOAa n03BOJl«eT 3HaMMTe/lbHO paCUJMpMTb 

AManaaoH paaMepoB Mcnonb3yioi^Mxcfl 
TMTaHOBbix otxoaob, MaKCMMa/ibHbie pasiwepbi 
xycKOB ujMXTbi onpeAen«K)TC« pa3iwepaMM 
BHyTpeHHeM nonocTM 4)OpMbi, MMHMMa/ibHbie 
pa3Mepbi He orpaHMHMBaioTCJi. LUa6noH 
BbinoriHeH M3 TMTaHoaoro jimctb m BMecTe c 
BHyTpeHHeM nonocTbio cfopMbi cooTBeTCTByeT 
pa3Mepaiw m <|3opMe M3roTOB/ifleMoro aneicrpoAa. 
Topi^eBbie nnocKMe TeMnneTbj 5 BbinoriHeHbi no 
BHyTpeHHewiy nonepeHHOMy KOHTypy uua6noHa m 
HaxoAflTca b HenocpeACTBeHHOM KOHTaicre c 
ujmxtoM. Oahmm TopqeBbiM TeMnneTOM 
M3roToanfleMbiM snexTDOA onMpaeTCfl Ha aho 
HMKHero BOAOoxjiaxAaeMoro cbeMHoro 
TOKonoABOAa 6. Ha ApyroM Topi^eBoM TeMnneT 
ycTaHaBiiMBaiOT BepxHMM BOAOoxna>KAaeMbiM 
(TbeMHbiM TOxonoABOA 7. ToxonoABOAbi no 
AMaMeTpy a/iexTpMHecxM M3onnpoBaHbi 8 ot 
BOAooxnajKAaeMOM* 4>opMbi. 3neKTpMHecKMM tok 
noABOAflT Mepe3 TOKonoABOAbi k TeMnneTaM, T.e. 
HenocpeACTBeHHo k TopuesbiM ynacTicaM 
M3roToanfleMoro aneiapoAa. TaxMM o6pa30M 
cBapxy snexTDOAa ocy^ecTBnflioT 
nponycxaHMeM snexTpM^ecKoro Toxa 
OAHOBpeMeHHO nepea Becb cnoM xycKOBoro 
MaTepMana. 

Ana co3AaHM$? HaAe>KHoro KOHTaxTa BHyTpM 
onnaanfleMoro xycKOBoro MaTepMana k 
BepxHeMy TOKonoABOAy npMKnaAbiBaioT oceBoe 
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ycvuine, nepeMeu^aioi^ee xycxM ujuxtu bhh3 no 
BbicoTe iua6noHa no Mepe mx onnaBneHMfl. 

riepeMeu^afl bhm3 TOKonoABOA H3 xpa&Hero 
eepxHero nonoweHMH, ocymecTB/iflioT 
ynnoTHeHne KycKoaoro Marepnana b 
soAooxnaxAaeMOvi $opMe. OnrtaBneHne KycxoB 
no rpaHnqaM KOHTaxTa Me>KAy co6oPi n 
ynnoTHeHne KycKOB wmxtw ocymecTB/iflioT b 
saKyyiwie win aTMOccfcepe MHepmoro ra3a. 
CsapeHHafl WMXTa, re. roTOBbifi pacxoAyeMbi* 
oneKrpoA BbnanKMBaercfl BepxHUM 
BOAOOX/iawaeMbiM TOKonoABOAOM npn 
oAHOBpeMeHHOM onycxaHMM HMXHero 
BOAooxna^AaeMoro TOKonoABOAa 5. 3aTeM 
npoijecc noBTopfleTcn. 

TaKofl cnocoo" no3Bon«eT nonynMTb 

AOCTaTOMHO OAHOpOAHWfl no n/IOTHOCTH 

anexrpoA c TpeoyeMbiM nonepeMHbiM 
aneicrponpoBOA«iMMM ceMeHnewi n HeooxoAMMOM 

ATlHHbl. 

napaMeTpaMM npoi^ecca M3roToaneHM$i 
aneKTpoAa aanaioTCfl snexTpMnecxMe pe)KMMb! n 
npoAon>KMTenbHOCTb noAaMM HanpjuxeHMH Ha 
TOKonoABOAbi, KOTopwe onpeAeJiflioTCH b 
3aBncnMOCTH ot pa3MepoB, cfcopMu, anexTpo- M 
TennonpoBOAHbix cbomctb MaTepnana KycxoBOM 
LUMXTbl H oneKTpMMecKMX xapaKTepucTHK 

MCT04HMK0B HMTaHMfl. 

f\r\9\ HaAe>KHoro cBapMBaHMH xycxoB wmxtw 
HeooxoAMMO pacnnaBMTb He MeHee 10-15% ot 
mx o6mefi Maccw. ' 

Ecnn pacnnaBMTb MeHbiue 10% ot o6w,efi 

MaCCbl, TO npOMHOCTb COeAHHeHMfl Me)KAy cooom 
KyCKOB UJMXTbl MO)KeT 0Ka3aTbCfl HeA0CT3T0MH0^ 

Arm Toro, hto6w MsroToaneHHbiM snexrpoA CMor 
BWAep>KMBaTb cbom coocTBeHHbiM Bee 6e3 
pa3pyiueHMfl b KaKOM-nvi6o nonepeHHOM 
ceneHMM npn HarpesaHMn b . npoLiecce 
nocneAyfoii^ero neperwaBa ero b AyroBOM* neMM. 

Ecjim pacnnaBMTb 6onbiue 15% ot o6mefi 
Maccu otxoaob b (JrapMe, to pacxoA 
sneicrposHeprMM Ha M3roToaneHMe snexTDOAa 
OKa>KeTCfl Hpe3MepHO oonbWMM m chmsmt 
GKOHOMnnecKyio stfxfeeKTHBHOCTb npoijecca. 

TaxMM o6pa30M, 10-15% pacnnaBnaeMofi 

MaCCbl OTXOAOB B C}X3pMe ABJlflKDTCfl 

onTMManbHbiMM c tohkm 3peHMfl xanecTBa 

M3rOTOBJieHHblX 3/ieKrpOAOB M 3K0HOMMMH0CTM 

peann3ai;Mvi npeAnoxeHHoro cnoco6a. 

npn stom sneiaponpoBOAHocTb nonyneHHoro 
aneicrpoAa no cpaBHeHMK) * c 
aneiaponpoBOAHOCTbJo nMToro aneiorpoAa 

COCT3BMT 1S25%. COOTBeTCTBeHHO 3T0My 
MOXHO npMHflTb MaKCMMa/lbHyiO CMJiy TOKa B 

KOHi^e npoqecca paBHofi 0,15-0,25 ot cunbi Toxa 
Ans? nMToro snexTpoAa Toro we nonepenHoro 
ceMeHMw npn 3aAaHHOM HanpaweHMM Ha Toptjax 
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MsroToarmeMoro snexTpoAa. 

Ana M3roTOBneHM« pacxoAyeMoro 
snexTpoAa, nanpMMep, AuaMOTpoM 360 mm m 
Maccofl 250 kt ms TMTaHOBbix cnnaBOB npM 
cpeAHefl mo^hoctm ycTaHOBKM 250 kBt BpeMfl 
CBapMBaHMfl xycKOB cocTaBMT oKono 200-280 0 
ripoAorwcMTenbHOCTb nponycxaHMfl TOica nepes 
KycKOByw ujMXTy mokho nenco onpeAenMTb 
(aHanorviMHo npMBeAeHHOMy npMMepy) Ann 
3neKTpoAOB nK>6bix paaMepoB m Maccbi c yneTOM 

no ABO AM MOM K WMXTe 3JieKTpMHeCKO« MOIUHOCTM 

m Tenno4)M3MHecKMx xapaKTepMCTMK 
(TennoeMKOCTb, TennoTa nnaaneHMJi m T.n.) 
MeTanna. 

BpeMfl nponycxaHMfl snexTpMHecKoro TOKa 
nepes cno^ xycxoBbix otxoaob, xax bmaho Ha 
npMBeAeHHOM npMMepe, aoct3tomho Mano, hto 
yBenMHMBaeT npoM3BOAMTenbHOCTb npoijecca 
M3roTOBneHns sneiapoAa. 

YnpoiMeHMe npouecca cneAyeT M3 
npMMeHeHMfl Hecno)KHoro ooopyAOBaHMfl m 
npocTOTbi KOHTponfl m perynMDOBaHMn . 

3/ieKTpMHeCKMX pe>KMMOB (Hanpfl^eHMH, CMJlbl 
TOKa, 3/ldKTpMH6CK0r0 conpoTMBneHMfl). 

OopMyna M3o6peTeHMfl: 

1. Cnoco6 M3roTOB/ieHMfl pacxoAyeMoro 
snexTpoAa M3 (cycxoBux m eTann mh ecKMx 
otxoaob, BKnionaioiuMfi yxnaAxy xycxoBbix 
MeTajinMHecxMX otxoaob b cooTBeTCTByiomyio 
KOH($MrypauMM snexTpoAa c}50pMy m mx CBapxy, 

OTTIMHaJOU^M^Cfl TeM, HTO xycKOBbie 

MeTannMHecKMe otxoau pa3MemaioT b 
npMneratou^eM k BHyTpeHHefl nosepxHOCTM 

4)OpMbl M BbinO/IHeHHOM M3 OAHODOAHOrO C HMMM 

MaTepMana nMCTOBOM wa6noHe c TopueBbiMM 
nnoexMMM TeMnneTaMM, BbinonHeHHbiMM no 
BHyTpeHHeMy nonepeMHOMy KOHTypy waonoHa m 

HaXOA«lMMMMCfl B HenOCpeACTBeHHOM KOHTaKTe c 
KyCKOBblMM MeTaJinMHeCKMMM 0TX0A3MM, a 

CBapxy ocymecTB/mK)T nocpeACTBOM 
snexTpMHecxoro Toxa, KOTopbifl noABOA^T x 
TeMnneTaM m nponycxatoT Mepe3 Becb cnofi 
xycxoBbix MeTa/m MMecxMX otxoaob ao mx 
cnnaaneHMn b MecTax KOHTaxTa, npM stom 
OAHOBpeMeHHO CBepxy npMKJiaAbiBatoT ocesoe 
ycMfiMe Ann nepeMeu^eHMfl xycxoB 
MeTanxiMHecxMX otxoaob bhms no BwcoTe 
iua6noHa no Mepe mx onnaBneHMfl. 

2. Cnoco6 no n. 1 , oTHMHaioii^Mflcji TeM, hto 
b KanecTBe xycKOBwx MeTanxiMHecKMX otxoaob 

MCnOJlb3yiOT XyCKOBbie OTXOAW TMTaHOBblX 

cnnaBOB. 

3. Cnocoo" no n.1, oTfiMMafou^MMCfl TeM, hto 
pacnnaBJiflioT He MeHee 10 - 15% ot oo^eM* 
Maccw xycKOBwx MeTannMMecKMx otxoaob aha 
mx nposHoro csapMBaHMfl. 
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